Background: Hypertension (HT) and diabetes mellitus (DM) affect millions of individuals in South Africa and are among the leading causes of morbidity and mortality. Given the substantial public health and socio-economic burden South Africa faces due to the rising rates of chronic diseases, prevention strategies with community engagement may play a vital role in controlling these diseases and their associated sequelae. Objectives and methods: Project HOPE, an implementing partner of the Lilly Non Communicable Disease (NCD) Partnership programme in South Africa, conducted screening days and home visits as part of a non-communicable disease awareness campaign in the Zandspruit suburb of western Johannesburg (lower income, informal settlement). Standardised assessment tools were used, which included glucose and blood pressure measurement. Results: Of 7607 participants screened, 2773/7470 (37.1%) of those with blood pressure values could be classified as hypertensive with systolic blood pressure (BP) ≥ 140 mmHg or diastolic BP ≥ 90 mmHg. Of the 7607 glucose screened individuals, 630 (8.3%) had referable random capillary glucose levels ≥ 7.8 mmol/l. There was a clear gradient of increased prevalence over age and body mass index (BMI) categories. Conclusions: In this urban low-income suburb hypertension was common with hyperglycaemia less so. The number of participants returning to the clinic for confirmation of diagnoses was less than optimal and highlights the problem of communitybased screening.
Background
According to WHO global health estimates, chronic non-communicable diseases (NCDs) are the second leading cause of death in Africa. In 2011, within the broad category of NCDs, stroke, hypertensive heart disease, diabetes mellitus (DM) and chronic kidney disease have been identified to account for 30% of the 9.5 million deaths, and 25.8% of the 675.4 million disability-adjusted life years (DALYs) recorded.
1 South Africa is no exception to this global burden with a DM prevalence of 2.28 million cases of diabetes in South Africa in 2015. 2 Data from the Study on Global Ageing and Adult Health (SAGE), conducted by the World Health Organization (WHO), which surveyed more than 35 000 people aged 50 and over in South Africa, China, Ghana, India, Mexico and Russia, found that 78% of those who took part in South Africa had hypertension. 3 Recommendations for screening for DM vary. Most if not all countries do not advocate mass or community-based screening for diabetes. For example, the American Diabetes Association's guideline recommends that testing to detect type 2 diabetes and prediabetes in asymptomatic people should be considered in adults of any age who are overweight or obese (BMI ≥ 25 kg/m 2 ) and who have one or more additional risk factors for diabetes. In those without these risk factors, testing should begin at age 45 years. They state that to test for diabetes or prediabetes, the A1C, FPG, or 2-hour 75-g OGTT are appropriate. 4 The latest U.S. Preventive Services Task Force (USPSTF) recommendations for diabetes screening have been changed to now screening for abnormal blood glucose as part of cardiovascular risk assessment in adults aged 40 to 70 years who are overweight or obese. 5 In Caucasian populations the FINDRISK questionnaire is currently the best available tool in clinical practice for predicting the risk of type 2 diabetes 6 but it was shown not to be sufficient to detect undiagnosed diabetes or pre-diabetes in larger populations. 7 Others have added HbA1c to the FINDRISK score and found that having a score of 12 or greater with an HbA1c 5.9% or greater identified 56 out of 65 people with diabetes (86% sensitivity). Diabetes was present in 1.2% of people with scores of less than 12. 8 The Society of Endocrinology Metabolism and Diabetes of South Africa (SEMDSA) recommends that individuals at high risk or older/equal to 45 years of age be screened at intervals of at least 3 years. SEMDSA states that any of the fasting plasma glucose, the 2-hour oral glucose tolerance test (OGTT) or HbA1c be used, with the OGTT the preferred method in high-risk individuals. SEMDSA prefers screenings to take place in the health care setting as community-based screening may not ensure adequate follow-up of patients with positive screening tests. 9 The test of choice for screening varies as mentioned, as do the cutoffs to be used. SEMDSA and the International Diabetes Federation (IDF) 10 suggest that a random plasma glucose value of ≥ 5.6 mmol/l requires further evaluation. Fasting venous plasma glucose is the preferred method. The use of capillary measurements is contentious, with evidence that it has poor discrimination at an individual level. 11 However, others have found it acceptable. 12 The ADDITION Trial 13 was a large multi-country study evaluating the effectiveness of primary care based screening followed by early treatment of those identified as having diabetes and it found no significant reduction in mortality. The final conclusion was that the study did not justify systematic screening in the community and that primary care teams should, rather, focus on risk factor detection and management.
Regarding hypertension, the U.S. Preventive Services Task Force (USPSTF) latest draft recommends screening for high blood pressure in adults 18 years and older. Ambulatory blood pressure monitoring is recommended to confirm high blood pressure before the diagnosis of hypertension, except in cases for which immediate initiation of therapy is necessary.
14 The South African HT Guidelines do not mention screening per se. 15 In South Africa, there are currently no studies available to establish whether systematic screening for diabetes and hypertension in asymptomatic adult patients followed by early treatment improves their health outcomes compared with a clinical diagnosis without prior screening. The South African Department of Health has responded to the emerging epidemic and issued its strategic plan in 2013. 16 This strategy has three major components; these are to (1) prevent NCDs and promote health and wellness at population, community and individual levels; (2) improve control of NCDs through health systems strengthening and reform; (3) monitor NCDs and their main risk factors and conduct innovative research. This document also mentions that successful implementation of the strategy for prevention and control of chronic conditions is dependent on the primary healthcare re-engineering process. This includes a renewed focus on community-oriented primary care with primary health care outreach teams. What role screening will play in this strategy is unclear.
The National Department of Health has proposed an NCD screening and awareness campaign for South Africa. Various settings will contribute data to give a picture of the NCD burden in the country.
The pharmaceutical company Lilly has embarked on a Non Communicable Disease Program 17 together with partners Project HOPE, the Donald Woods Foundation and the University of Pretoria. The aim of this programme is to improve non-communicable disease detection and management in neglected urban and rural settings (such as urban informal settlements and the rural Eastern Cape). Between 2012 and 2015 Project HOPE initiated screening and awareness activities in the community of Zandspruit, Johannesburg. This paper reports on the results of body mass index, glucose and blood pressure measurement in this community.
Methods Setting
Zandspruit is a suburb of western Johannesburg situated in Gauteng province and represents living conditions for the urban poor with mostly informal housing. Zandspruit is one of the oldest, least developed and fastest growing informal settlements in the Johannesburg area and is home to an estimated 200 000 residents. The Helen Joseph Hospital is the referral hospital 30 km from the clinic. Project HOPE manages the HOPE centre in this community to address the challenge of NCDs in this setting.
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Study design and participant selection
This was a cross-sectional study using data collected from nonrandom screening activities in the community.
Participants 18 years and older were included in this analysis.
First cycle
(a) Period: From June 2012 until June 2013, Project HOPE conducted 44 mobile screening days, including 6 door-todoor week-long campaigns (one five-day campaign per month from January to June 2013). Door-to-door campaigns and screening gazebos covered all major entry and exit points of the community to ensure visibility in Zandspruit.
(b) Procedures: The door-to-door campaign and community screening activities utilised the skills of locally trained volunteers and nurses from a local nursing college (Empilweni Nursing College). Teams of two to four volunteers split up to perform door-to-door screenings. On each screening day patients signed informed consents and were given a random capillary glucose (RCG) test and two blood pressure (BP) tests (left and right arm).
(c) Referral. Those who had a systolic BP > 120 mmHg and/or a diastolic BP > 80 mmHg or an RCG result > 5.6 mmol/L were referred to the HOPE Centre clinic where they were to receive a follow-up screening to confirm diagnosis.
Second cycle
(a) Period: From January to July 2014.
(b) Procedures: Community screening activities were conducted by locally trained volunteers and skilled community health workers from a local nursing college (Rose Star Nursing School).
Screenings were conducted by setting up gazebos in busy areas within the community instead of door-to-door. This ensured that participants were able to sit comfortably while their glucose and blood pressure tests were being performed and while they received counselling on the results of the tests. Project HOPE performed one three-day campaign per month which was scheduled on Wednesday, Thursday, Friday or Thursday, Friday, Saturday in order to make screening those who were working more feasible (we found that most residents of the community who work were more often home and available for screenings on Friday or Saturday). Project HOPE also held one 'third Friday' screening per month during which we set up screening gazebos in the same place on each third Friday of the month so that the community would know we would be there on a consistent basis, in order for them to refer family or friends for screenings.
(c) Referral: Participants who were classified as 'high-risk' (systolic BP > 160 mmHg or diastolic BP > 100 mmHg or RCG > 11 mmol/L) were given appointments at the clinic to visit as soon as possible (unlike the previous cycle where referral was done at much lower levels of glucose and blood pressure). If a patient had not completed a follow-up appointment at the clinic within one week, a home visit with the patient was scheduled. Repeat SMS, phone call and home visit was done weekly until the patient was scheduled for an appointment.
Participants with systolic BP ≥ 140 mmHg or diastolic BP ≥ 90 mmHg or RCG ≥ 7 mmol/l were contacted by SMS and phone within one week of the date the patient was screened. Repeat SMS and phone call were done weekly until the patient was either scheduled for an appointment or the patient had been contacted three times.
Anthropometric assessment
Each trained fieldworker followed standardised and internationally accepted methodology. Each fieldworker was equipped with a Salter® (Salter Housewares, Tonbridge, Kent, UK) mechanical bathroom scale to take a subject's weight, a portable high-measure rod to measure the height, a flexible tape measure that was used for waist circumference and a Homemed Glucocheck® (Homemed (Pty), Pretoria, South Africa) point-of-care device to check random blood glucose. The blood pressure was measured with an Omron® M5-I electronic device (Omron Healthcare, Hoofddorp, the Netherlands).
Participants at risk of having diabetes and hypertension based on their elevated blood results and blood pressure were given health education on how to modify their lifestyle.
Data management and analysis
Data were entered in Epidata version 3.1 and analysed in STATA® version 13 (StataCorp LP, College Station, TX, USA). Data were summariaed with descriptive statistics. Glucose categories were classified using cut points recommended by the SEDMSA diabetes guideline 9 for diabetes testing and not the cut points used for screening. This was done in order to make comparisons with other studies possible. Age categories were in accordance with the SANHANES-1 study. 19 BMI categories were done according to World Health Organization definitions. 20 Each participant had two values of blood pressure; the highest systolic BP value was the one taken in our analysis. Blood pressure categories were classified using the SA hypertension guidelines.
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Ethical guidelines
Ethical approval was granted by the University of Pretoria's Faculty of Health Sciences Ethics Committee (protocol number: 247/2011). Participants signed informed consent.
Results
In the study the mean BMI of males (24.9 kg/m 2 ) and the RCG (5.9 mmol/l) were both found to be significantly lower than those of females (28.1 kg/m 2 and 6.1 mmol/l respectively). The mean systolic BP for males (134.3 mmHg) was significantly higher than for females (129.9 mmHg) but diastolic BP did not differ by gender. Among the screened patients, 41 patients had glucose values missing, 176 had systolic BP missing and 178 had diastolic BP missing (see Table 1 ).
From June 2012 to June 2013, half of the 6246 screened patients (51.4%) were referred to the HOPE Centre clinic based on a random capillary glucose (RCG) greater than 5.6 mmol/l. However, if the cut-off point for RCG was taken from 7 mmol/l as in 2014, only 17.6% would have been referred to the clinic. Similarly, of the 6 072 screened for hypertension from June 2012 to June 2013, 75.4% were also referred based on their systolic BP > 120 mmHg or diastolic BP > 80 mmHg, whereas if the standard categories for hypertension 8 were applied during the screening only 17.8% would have been referred as having a high systolic BP > 140 mmHg or diastolic BP > 90 mmHg.
From January 2014, the screening methodology was modified to a clinic referral of patients who had RCG > 7 mmol/l and those who had systolic BP > 140 mmHg or diastolic BP > 90 mmHg. Of the 1 402 screened participants 11.8% were referred for high RCG and 36% were also referred for possible hypertension. If previous cut-offs were still taken into consideration, 47.1% and 79.1% of the total screened participants would have been referred to the clinic based on their RCG and BP values respectively. From data collected in 2014, 33% of screened referable patients attended follow-up at the clinic (210/639).
Combining the two time periods our results show that 37.1% of the 7 470 screened individuals could be classified as hypertensive with systolic BP ≥ 140 mmHg or diastolic BP ≥ 90 mmHg. Likewise 8.3% of the 7607 screened individuals had referable RCG levels ≥ 7.8 mmol/l (see Table 2 ).
Significant increases in both glucose and BP were found as age increased (p < 0.001 for trend). Similarly the percentage of participants with hypertension increased as their BMI increased (Grade 3 HT increased from 3.1% to 8.7%, p for trend < 0.001). The same trend was noted for BMI and high RCG whereby the percentage of participants having diabetes doubled from 1.0% to 3.6% (p for trend < 0.001) (see Tables 3-5 ).
In Figure 2 we demonstrate the overlap between subjects with hyperglycaemia (RCG ≥ 7.8 mmo/l), hypertension (Stage 1 to 3) and obesity (BMI ≥ 30), with 230 records excluded where there was information missing in a category. Some 2% of screened patients had overlap between all three conditions and 10% had overlap between obesity and hypertension; 46% of screened patients had none of the three conditions. In the World Health Organization's Study on Global Ageing and Adult Health (SAGE) the South African national representative sample of people aged 50 years and older found hypertension (≥ 140/90 mmHg or on anti-hypertensives) in 75% of males and 80% of females, making these some of the highest prevalence figures in the world. 3 We found high (> 7.8 mmol/l) random glucose levels in 8.8% of participants with 2.1% having values > 11 mmol/l. There was a gender difference (males 1.6% and females 2.6%, p = 0.013). In the SANHANES study HbA1c was used to diagnose diabetes and 7.9% of males and 11% of females were above this level. This makes a direct comparison with our data difficult.
Regarding subjects with multiple outcomes it is noteworthy that the overlap with obesity was rather weak. Most patients with hypertension were not obese. This would imply that focusing hypertension screening on obese subjects would certainly miss the majority of hypertensive subjects.
In the introduction we mentioned the different strategies employed for screening. In an evidence review, Durão et al. 21 concluded that the lack of evidence of clinical effectiveness of population-based screening for diabetes and hypertension should prevent low-income communities from implementing population-based screening programmes. It is clear, however, that diabetes and hypertension are not completely similar in this regard and that outcomes are dependent on the health services available to the community. In areas where clinics are not easily accessible hypertension screening may be feasible given the high probability of this condition in South Africa.
A systematic review evaluating the evidence of benefit for screening of hypertension to support the USPSTF hypertension screening recommendations concluded that ambulatory blood
Discussion
In our study we found the overall prevalence of hypertension to be 27% but it increased to 58% among participants 45 years and older. In the South African National Health and Nutrition Examination Survey (SANHANES) study hypertension was found in 10.2% of participants but in 20% of those over 45 years. 12 In our study there was a clinically and statistically significant trend across age groups as well as across BMI groups. Blood pressure categories also differed between males and females, mainly with regard to those with normal blood pressure (38% in males versus 48% in females). pressure measurements should be the reference standard and highlighted the fact that the failure to confirm initial elevated office-based or in our case community-based values may result in misdiagnosis and overtreatment. They also mention the possibility of using multiple home blood pressure values. 22 In our setting ambulatory and home blood pressure monitoring are not viable options. There is an urgent need for more research regarding screening strategies and their outcomes in developing countries.
The motivation behind the intervention in our study was to raise awareness in the community regarding the importance of noncommunicable diseases. Our findings highlight the high prevalence of hypertension as well as the problem of follow-up testing.
Limitations of the study
The study was part of an NCD awareness campaign and therefore is by no means a random or representative sample of these communities. Random capillary glucose testing is not the ideal test for diabetes screening but was used due to easy access and will most likely be the preferred method in the proposed mass SA screening campaign. Return of participants for confirmation of diagnosis was difficult to enforce as only approximately a third of high-risk participants returned to the clinic. This provides an enormous opportunity for community-based primary care where community health care workers could potentially follow-up these people and encourage follow-up or at least do repeat testing.
Community health workers' effectiveness to screen for cardiovascular disease risk with a simple, non-invasive risk assessment instrument in Bangladesh, Guatemala, Mexico and South Africa proved to be as effective as the assessment done by health professionals. 23 
Conclusion
We found that 8.3% of participants had glucose values that needed repeat testing and 38.2% needed hypertension confirmation. It is unknown whether screening would lead to increased awareness and behaviour change or earlier visits to health care practitioners for diagnoses. As screening will be a part of the National Department of Health strategy to increase awareness and detection of diabetes and hypertension it would be important to link this with community-oriented primary care and to evaluate whether the desired outcomes are indeed achieved.
